We estimate long-run consumption-based asset pricing models using a comprehensive set of international test assets: country indices, international value/growth portfolios, international bond portfolios, and FX portfolios. We find that long-run risk considerably reduces the estimates of the risk-aversion parameter, compared to cases where we use contemporaneous consumption growth to estimate the risk aversion parameter. We also find, however, that long-run risk models only price the cross-sectional/cross-country variation in returns better when we allow for a common constant mispricing of the assets, i.e. include a constant in the empirical moment function. We investigate why certain results differ from those reported in the literature that uses U.S. data.
The main insight of the consumption-based asset pricing model is that differences in returns across assets can be explained by the assets' exposure to consumption risk. In its standard form, this model has failed on a grand scale (see, e.g., Breeden, Gibbons & Litzenberger, 1989 or Mankiw & Shapiro, 1996 . In a more recent version, though, where consumption growth is allowed to contain a small predictable component, such that returns are determined by their exposures to long-run consumption growth, the model's performance improves considerably when tested on cross-sections of U.S. assets; see Daniel & Marshall (1997) , Parker (2001 Parker ( , 2003 , Bansal & Yaron (2004) , Parker & Julliard (2003 , Hansen, Heaton & Li (2008) , and Malloy, Moskowitz & Vissing-Jørgensen (2008) .
In this paper, we use a very broad set of international test assets (broad stock indices, value/growth stock indices, bonds, and currencies) to evaluate whether asset-pricing models in which long-run consumption risk to plays a role (LRR-CAPMs) capture crosscountry differences in returns better than models that use contemporaneous consumption growth as a risk factor. Our main result is surprisingly consistent across test assets: The risk-aversion coefficient of the representative consumer is estimated at a more reasonable level when we allow for long-run risk. We also find that long-run risk enables the models to better capture the cross-country variation in returns -however, only when we allow for a common mispricing of all assets (a constant in the empirical moment function).
In our empirical specification, we follow Malloy, Moskowiz & Vissing-Jørgensen (2008) , who themselves are inspired by Hansen, Heaton & Li (2008) . The models in Malloy et al. (2008) and Hansen et al. (2008) are based upon the recursive utility framework. An attractive feature of this framework is that it allows for a separation of the coefficient of relative risk aversion from the elasticity of intertemporal substitution in consumption (EIS). Like in Malloy et al. (2008) , we focus on the situation where the EIS is equal to one. When the EIS is equal to one, the stochastic discount factor (SDF) turns out to be a simple function of discounted future growth rates of consumption. Indeed, when the EIS is equal to one, the SDF is very similar to the SDF promoted by Parker & Julliard (2005) .
We test the model on excess returns from four sets of international test assets: Returns from country equity indices (we use returns from the G-7 equity markets), returns from international value/growth portfolios, returns from international bond portfolios, and returns from international FX carry trade portfolios. The sample period coincides with the post-Bretton Woods period. Our use of many different sets of test assets help us getting around the Lewellen, Nagel & Shanken (2008) insight that factor-pricing models sometimes work on few specific data sets only.
When testing a consumption-based asset pricing model using U.S. returns, one uses U.S. consumption. But what measure of consumption should be used when the test assets are international? As our test assets are international G-7 assets, we use the series for G-7 consumption growth, calculated by the IMF, as our measure of the consumption-risk factor. When using G-7 consumption, we implicitly assume the existence of internationally integrated capital markets, as internationally integrated capital markets help smoothing out idiosyncratic fluctuations in consumption, such that only the risk of fluctuations in aggregate consumption is rewarded in equilibrium. Using a newly developed measure of segmentation, Bekaert, Harvey, Lundblad & Siegel (2008) show that the segmentation of developed equity markets is not larger than the segmentation of the U.S. equity market has been since the late 1980s, i.e. it seems reasonable to use an international consumption series. In addition, to make sure that our results are not driven by our choice of consumption series, we conduct two robustness tests: We estimate our models on a subsample in which the developed equity markets are as integrated as the U.S. capital market is, i.e. a subsample starting in the late 1980s, and we estimate the models using U.S. consumption instead of G-7 consumption. Qualitatively, we find the same results in these robustness tests as in our baseline case. 1 Overall, we perform two kinds of estimations: One where we allow for a constant in the empirical moment function and one where we do not. We find that the estimate of the risk aversion coefficient declines with the horizon over which the growth in consumption is measured when we do not include a constant in the empirical moment function. For instance, when we estimate the model using the returns from the G-7 equity markets as test assets, we find an estimate of the risk aversion coefficient of 117.84 when consumption 1 Early papers using U.S. consumption to test international consumption-based asset pricing models include Cumby (1990) and Wheatley (1988) , whereas papers that use world-consumption risk to price international assets include Sarkissian (2003) and Li & Zhong (2004). growth is measured over one quarter (the standard consumption CAPM for an investor with power utility). However, when the stochastic discount factor includes growth in consumption measured over the next 12 quarters, the estimate of the risk aversion decreases by approximately 75%, to reach a value of 28.97. In other words, when we do not include a constant in the empirical moment function, the estimate of the risk aversion coefficient is drastically reduced when allowing for long-run risk.
We also estimate models where we allow for a constant in the SDF. The reason why it has become common practice (see, e.g., Parker & Julliard, 2005 and MMVJ, 2008) to allow for a constant, even if it should theoretically not be there, is that it allows for an evaluation of the extent to which the model under-or overpredicts the return on the different test assets, i.e. the extent to which there is an equity premium. It turns out that the choice of including a constant or not is important in our sample with international test assets: When there is a constant in the moment function, long-run risk does not have an effect on the estimate of the risk-aversion parameter.
What about the extent to which consumption growth risk can account for the crosscountry differences in returns? If no constant is included in the empirical moment function, the cross-sectional R 2 is often estimated to be negative, regardless of the horizon over which consumption growth is measured. On the other hand, the R 2 s increase with the horizon when the constant is included. For instance, the cross-sectional R 2 is virtually zero when using one-period growth in consumption (the standard model) to price the return from the broad market indices, but increases to 26% when we include growth in consumption measured over the next 12 quarters.
Hence, there is a certain tension in our results: If a constant is not included in the empirical moment function, the risk-aversion coefficient is estimated at more reasonable levels when allowing for long-run risk, but the cross-sectional fit is not improved; if there is constant, allowing for long-run risk improves the cross-sectional fit, but the estimate of the risk-aversion coefficient is imprecise and sometimes even negative. These findings are common to the broad range of test assets we use. 2 In contrast to results based upon 2 Discussions of the differences that arise between models that include a constant and models that do not have recently taken center stage in investigations of currency risk premia. Burnside (2007) argues that it is of great importance whether a constant is included in the moment function when evaluating whether U.S. data, though, long-run risk does not help in both dimensions at the same time when testing the model on international data. We show one reason why this could be so: Longrun G-7 consumption growth is not as predictable by international asset returns as U.S. consumption growth is reported to be in Parker & Julliard (2005) and MMVJ (2008) .
There are by now many papers that use long-run risk models to price U.S. assets.
However, to the best of our knowledge, only few papers exist that use long-run risk models to investigate different characteristics of international financial markets. For instance, Bansal & Shaliastovich (2008) use a long-run risk model to explain deviations from the expectation hypothesis in bond and currency markets. The difference to our paper is that we focus on capturing the cross-country variation in returns from different international assets markets. Colacito & Croce (2006) Rangvid (2008) shows, like in this paper, that the estimate of the riskaversion coefficient is lower when the horizon over which consumption growth is measured is longer, when there is no constant in the empirical moment function. Rangvid does not investigate what happens if a constant is included in the moment function, though. In addition, Rangvid only tests on broad international equity indices, i.e. he does not study value/growth portfolios, bond portfolios, or FX portfolios.
The remaining part of the paper is structured as follows: In the next section, we describe the theoretical model that which we consequently take to the data. In section 3, the data are presented. Section 4 contains the main empirical results of the paper. In section 5, we explain what drives our results by evaluating the extent to which the returns we use predict future consumption growth. In section 6 we present robustness checks on our basic findings. Section 7 concludes. a consumption based asset pricing model is able to explain the return to currency risk premia. Lustig & Verdelhan (2008) , on the contrary, argue that the constant is not important.
Our estimations are based on the empirical framework of Malloy, Moskowiz & VissingJørgensen (2008) , henceforth MMVJ, that in turn builds on the theoretical work of Hansen, Heaton & Li (2008) , henceforth HHL. HHL and MMVJ assume that investors have recursive Epstein & Zin (1989) preferences:
where C t is the level of the investor's consumption, ρ the elasticity of intertemporal substitution in consumption, γ the coefficient of relative risk-aversion, and β the rate of time preferences. HHL and MMVJ also assume that log-consumption dynamics are not iid, but move over time according to a first-order VAR driven by a unspecified vector of stationary state variables:
where ∆c t+1 = ln(C t+1 ) − ln(C t ), x t a vector of state variables, and G has eigenvalues less than one. Under these assumptions, HHL and MMVJ show that the conditional loglinearized asset-pricing (Euler) equation for the return on an asset i over and above the risk-free rate is: 3
when the elasticity of intertemporal substitution in consumption is equal to one. In Eq.
(3), r i t+1 = ln(1 + R i t+1 ) is the log-return on asset i, r
) is the log risk-free rate, and 0.5σ 2 t (r i t+1 ) is the usual variance term arising from the log-linearization.
The key point to notice in Eq. (3) is that one-period excess returns are determined by a sum of discounted future consumption growth rates. It is particularly this feature of the asset-pricing equation that sets Eq. (3) apart from the standard (power utility) assetpricing equation relating one-period returns to one-period growth rates of consumption. 4
3 Appendix A reviews the main steps leading to Eq. (3). 4 With power utility, excess returns are determined by
In other words, the framework of HHL and MMVJ allows long-run consumption risk to play a role when determining asset prices.
Eq. (3) is based on the assumption of an elasticity of intertemporal substitution (EIS) equal to one. Given that ρ = 1 but γ will be estimated, the framework allows for a separation of the EIS from the risk-aversion coefficient, which the standard power utility framework does not; with power utility γ = 1/ρ, i.e. in the standard framework, the EIS is forced to equal the reciprocal of the risk aversion coefficient. MMVJ discuss why it is reasonable to work under the assumption of ρ = 1 when estimating the risk-aversion coefficient from a cross-section of assets, as we do in this paper.
MMVJ estimate Eq. (3) using the 25 Fama & French U.S. equity portfolios as tests assets. MMVJ find that γ is estimated to be high and/or γ is imprecisely estimated when only a few future consumption growth rates are included in the asset pricing equation.
However, when allowing long-run risk to play a role, i.e. when including several future consumption growth rates in the empirical asset pricing equation, γ is estimated to be low and/or more precisely estimated. 5 In addition, they find that the extent to which the cross-sectional variation in returns can be captured by the model is often higher when allowing for long-run consumption risk.
Comparison with Parker & Julliard
The asset-pricing equation of Eq. (3) is approximate, as it is a log-linearized one. Parker & Julliard (2005) estimate an exact (but non-linear) asset-pricing relation that also relates one-period excess returns to multiperiod growth rates of consumption. Hence, it is instructive to compare Eq. (3) with the asset-pricing equation from Parker & Julliard (2005) , henceforth PJ.
PJ note that the Euler-equation for the risk-free rate between any two time points t+1 and t+S, with S possibly larger than 1, is given by
PJ substitute this expression for U 0 (C t+1 ) into the general Euler equation for the excess 5 MMVJ also focus on the differences in results that are obtained when using consumption of stockholders and non-stockholders, respectively. MMVJ find that the consumption of stockholders reacts more to asset returns, and consequently that γ is estimated to be lower for stockholders. MMVJ also look at other U.S. assets (e.g. bond returns).
return on any asset i between periods t and t + 1, which results in
where
,t+S after assuming that the functional form for U (C t ) is the standard power-utility function U (
Eq. (4) relates multiperiod (S-period) consumption growth to one-period returns on equity followed by a S − 1 period return from the risk-free asset. If the variation in the risk-free rate is not too big, this essentially means that one-period excess returns are when S > 1), γ is estimated to be lower and/or more precisely estimated, compared to the standard situation where S = 1. Parker (2001 Parker ( , 2003 uses similar approaches to show that γ is estimated to be lower when S is larger.
Given the results of Parker, Parker & Julliard, and MMVJ, there is thus substantial empirical evidence that long-run risk is important when pricing U.S. assets. This clearly constitutes a valuable insight. Likewise, one might also expect long-run risk to be an important determinant for pricing international assets. In this paper we test whether this is the case.
Empirical implementation
We estimate Eq. (3) as it allows for a separation of the risk-aversion coefficient from the EIS, which Eq. (4) does not. As a robustness check we also estimate Eq. (4), though.
When empirically implementing the model, we take unconditional expectations on both sides of Eq. (3). The empirical moment function with f t+1 = P S−1 s=0 β s ∆c t+1+s , i.e.
after having truncated the infinite sum of future consumption growth rates in Eq. (3) at horizon S, then reads:
where r e t+1 is the vector of excess returns from the N test assets and σ 2 collects the variances:
. . .
In our empirical implementation, we assume conditionally homoskedastic returns, i.e. we use the unconditional return variance (computed over the full sample) as our estimate of
Like Parker & Julliard (2003 and MMVJ (2008), we estimate models where we allow for a constant (α) in Eq. (5), even if it theoretically should not be there; in Eq. (3) there is no constant. It turns out that the constant is to play an important role for the results we find. The reason why a constant is often included in the estimation, even if it
should not be there in theory, is that the constant enables the empirical model to price the cross-section of the assets the best while at the same time allowing for a constant common over-or underpricing. In other words, the constant allows the model to price the cross-section of assets the best without the additional challenge of fitting the level (the equity premium) of the returns on the assets.
We estimate Eq. (5) using GMM. The GMM procedure finds the values of the parameters γ, α, and µ c,S that best satisfies the N + 1 unconditional moment conditions
by minimizing a quadratic form of the pricing errors. When minimizing the quadratic form, we use a prespecified weighting matrix: Parker & Julliard (2005) and MMVJ (2008), such that the portfolios are given equal weight in the minimization. 6 We also follow MMVJ and set β = 0.95 1/4 , i.e. a discount factor of five percent per annum. Other reasonable choices of β only produce negligible differences in the results.
We present two measures of fit for each of our estimations: the cross-sectional R 2 and the Hansen-Jagannathan (1997) distance. Furthermore, we present p-values from tests of whether the HJ-distances are statistically distinguishable from zero. 7 6 We set h to a large value in order to pin down the factor mean exactly. 7 For further details on the computation of the HJ distance and the statistical tests of whether it is
In this section, we briefly discuss the data we use. Summary statistics are provided in Table 1 . Further details on data definitions, sources and dataset construction are provided in Appendix B.
Consumption Data. In order to investigate the long-run consumption CAPM in an international asset pricing context, the natural choice of consumption is world consumption growth. Due to data availability, we limit ourselves to quarterly private total consumption time series of the G-7 countries, taken from the IMF/IFS database. The countries' consumption growth rates (real, per capita) are weighted according to the individual country's share in real G-7 GDP. 8
Test Assets. The vast majority of papers in the international asset pricing literature employs returns on international equity indices to conduct empirical tests of international asset pricing models (e.g. Dumas & Solnik, 1995 and DeSantis & Gerard, 1997) . We follow this common practice and use returns on aggregate G-7 stock market indices (including reinvested dividends). The country indices (expressed in U.S. Dollars) are taken from
Datastream and cover the period 1973Q2-2005Q4.
Our second set of equity portfolios are international book-to-market sorted portfolios.
It is well-known that value stocks have historically offered a higher return than growth stocks, which has been difficult to rationalize by traditional asset pricing models (e.g. Fama and French 1993) . Fama and French (1998) document similar patterns for international stock markets. The data we use are taken from Kenneth French's website. For the U.S., we use 6 size and book-to-market sorted portfolios. For France, Germany, Japan and the United Kingdom we use the international Fama/French value (high book-to-market) and growth portfolios. 9 For each non-U.S. market there is both a high book-to-market equal to zero, see Jagannathan & Wang (1996) and Parker & Julliard (2005) .
8 This is a common procedure which has also been used in other papers exploring international aspects of consumption-based asset pricing models, such as Harvey (1989) , Sarkissian (2003) , or Li and Zhong (2005) among others. For robustness, we also estimate some of the models based on US consumption of non-durables and services, which is the series commonly used in the national asset pricing literature.
9 Canada is omitted since the time series do not cover the full sample period in the Fama/French dataset.
(value) and a low book-to-market (growth) portfolio available. Thus, in total we use 16 portfolios (expressed in U.S. Dollars) which cover the sample period 1975Q1-2005Q4.
We also investigate the performance of long-run risk models to explain international bond returns. Our data are total returns on Merrill Lynch Government Bond Indices for the G-7 (ex Italy) which are taken from Datastream. 10 For each country, we use four maturity categories: 1-3, 3-5, 5-7, and 7-10 years. Hence, in total there are 24 portfolios at the quarterly frequency, and the sample period is 1986Q2-2005Q4.
We follow the extant literature by assuming a U.S. representative investor, i.e. all returns are expressed in U.S. Dollars. We subtract the U.S. 3-month T-Bill rate from the returns on the test assets when computing excess returns.
In order to investigate risk premia in the foreign exchange (FX) market, we also form currency portfolios based on international interest rate differentials. These currency portfolios thus capture excess returns related to carry trade strategies and are well known in the literature (e.g. Lustig and Verdelhan, 2007; Burnside et al. 2008; Lustig et al., 2008b) . Our sample comprises currency spot (s) and 1-month forward (f ) rates for 15 developed countries from November 1983 to June 2008 obtained from Datastream. 11 All exchange rates are against the USD so that we study the FX market from the perspective of a U.S. investor.
We follow the procedure of Lustig & Verdelhan (2007) when calculating the returns to carry trades. At the end of each period t, we sort currencies according to their forward discount f t − s t and form five portfolios based on this sort. Portfolio 1 (P1) contains the 20% of currencies with the smallest forward discount (or lowest interest rate) and portfolio 5 (P5) contains the 20% of all currencies with the largest forward discount (or highest interest rates). Excess returns for portfolio j in month t + 1 are given by rx j t+1 = f t − s t+1 and we re-balance portfolios at the end of each month. More details regarding currency portfolios can be found in the appendix. 10 Italy is omitted, since the time series does not cover the entire time period.
11 These 15 countries are the same as in Lustig et al. (2008a) : Australia, Austria, Belgium, Canada, Denmark, Euro area, France, Germany, Italy, Japan, Netherlands, Norway, Sweden, Switzerland, United Kingdom.
Summary Statistics. Table 1 contains descriptive statistics for our test assets' excess returns. The table contains means, standard deviations, Sharpe ratios, the minimum, and the maximum of the test assets' excess return which are all expressed in annualized percentage points. Furthermore, the statistics reported in the table include skewness, excess kurtosis, the autocorrelation coefficient of first order as well as the co-skewness measure introduced by Harvey & Siddique (2000) . 12 As shown in Panel A, annualized average excess returns in international stock markets range from about 5.6% (Japan) to about 9.0% (UK), while Sharpe ratios range from about 0.23 (Japan) to about 0.40 in the case of the U.S. Furthermore, Panel B shows that there is a clear tendency of value stocks earning higher returns than growth stocks in international equity markets; Sharpe ratios of value stocks also tend to be higher than those of growth stocks. Apart from the U.S. portfolios, there are no apparent differences of value and growth stocks in terms of their co-skewness measure in international stock markets.
Panel C reports summary statistics for the excess returns on our government bond portfolios. Typically, the average bond excess return as well as the standard deviations tend to rise with the maturity of the bonds. 13 Panel D reports summary statistics for our FX portfolios. The patterns are consistent with those reported elsewhere in the literature on the profitability of carry trade strategies (e.g. Burnside et al. 2008 , Lustig and Verdelhan, 2007 , Lustig et al., 2008 . Contrary to what one would expect under uncovered interest rate parity (UIP), currencies with low forward discounts -i.e. low interest rates relative to the U.S. -give rise to low returns to currency speculation, while those with high forward discounts give rise to high returns. Thus, the carry tradeborrowing in the low interest rate currencies and investing in high interest rate currencies vis-a-vis the U.S. Dollar -has proved to be a very profitable strategy in the past. Likewise, Sharpe ratios differ substantially between the different forward-discount sorted portfolios. 12 The market portfolio for computing the Harvey & Siddique (2000) measure is the excess return on the MSCI world. 13 The overall patterns are similar to results reported elsewhere in the literature, such as Driessen et al. (2003) who -like us -also used the Merill Lynch bond indices.
We now turn to the main results of this paper: Table 2 shows results from the estimation of Eq. (5) without a constant in the moment condition, whereas Table 3 t-statistics from tests of the hypothesis that the risk aversion coefficient is statistically distinguishable from zero. We also present the cross-sectional R 2 s, the HJ-distances, and their associated p-values from tests of the hypotheses that the HJ-distances are equal to zero. In addition, the estimates of the constant are shown in Table 3 .
No constant. First, we consider the case in which there is no constant in the empirical moment function, i.e. the case in which we impose the restriction that α = 0 in Eq. Table 2 . When S = 1, the risk-aversion coefficient is estimated to be very high:
117.84. Such high estimates of γ are well-known from the equity premium puzzle literature documented on U.S. data: A high risk-aversion coefficient is necessary to reconcile the much higher return on stocks compared to the risk-free asset with the risk of one-period changes in consumption.
What happens if S is larger than one? When the horizon over which consumption growth is measured is increased, i.e. S is increased, the estimate of the risk aversion coefficient is lower. This is the main point we would like to emphasize in Table 2 Hence, we find that the estimate of the risk-aversion coefficient is more reasonable when S is higher, and when there is no constant in the empirical moment function.
We do not find, however, that the model prices the cross-country distribution of returns better when S is higher. Indeed, the R 2 s are all very low (and most of them even negative)
regardless of the number of future consumption growth rates that are included in the model. Likewise, the HJ-distance is not lower the higher S is. 14 In other words, when there is no constant in the empirical moment function, long-run risk does not help capture differences in average returns across international assets.
A constant. What happens if there is a constant in the empirical moment function? Table 3 provides the answer: The constant generates two effects. First, the constant eliminates the tendency of a lower estimate of the risk-aversion coefficient the higher S is.
Second, the constant allows for a better fit of the cross-sectional distribution of returns, the higher S is.
To be more precise, and again using Panel A as an example, the risk aversion coefficient is estimated to be 13.26 when S = 1, but is estimated to be negative when S = 2, positive when S = 4, and negative with S = 8, etc. There is thus simply no clear pattern in the estimate of γ. The same finding of no clear relation between the value of S and the estimate of the risk aversion coefficient is visible in the Panels B, C, and D. The reason why we find that the estimates of the risk-aversion coefficients behave "strangely" when changing S when there is a constant in the empirical moment function is that there is not enough cross-sectional variation in the covariances between returns and consumption growth rates (the consumption betas); The consumption betas are all more or less the same, also for larger values of S. Consequently, the betas act as a kind of "second constants" in the models, thereby creating multicollinearity-like problems. We investigate more directly the patterns of the consumption betas in the next section.
On the other hand, in Panel A the R 2 is estimated to be 0 for S = 1, 2, and 4, but consequently increases to 0.06 for S = 8, to 0.25 for S = 12, and reaches 0.47 for S = 20.
In other words, allowing for long-run risk helps capture the cross-country variation in international equity returns, when there is a constant included in the empirical moment function. Long-run risk also helps on capturing the variation in the international bond portfolios, but only does so to a lesser extent in the international value/growth portfolios and the FX portfolios.
PJ and MMVJ both use a constant in the empirical moment function. PJ and MMVJ find, for the U.S. 25 Fama & French portfolios, that the risk aversion coefficient is estimated to be lower and the cross-sectional variation in returns is captured better, when S is higher.
Using international data, we can not verify that the risk aversion coefficient is lower when S is higher (and there is a constant in the empirical moment function), but we can verify that the cross-sectional fit is better.
We can visualize the better cross-sectional fit. In figures 1 and 2, we show cross-plots of the realized average excess returns along the horizontal axis and the fitted average excess returns along the vertical axis for the models with a constant in the empirical moment function, i.e. for the models of Table 3 . We show the plots for S = 1 and S = 8. As is clear, the average returns are more spread out along the 45-degree line when S = 8 than when S = 1 for the international equity indices and the international bond portfolios, whereas this is not the case for the value/growth and the FX portfolios.
What drives these results?
We report a lower value of the risk-aversion coefficient when S is high and there is no constant in the empirical moment function. We also report that the cross-sectional R 2 is generally higher when S is high and there is a constant in the empirical moment function.
Hence, regardless whether the constant is included or not, we find more reasonable results for the long-run consumption-based model along one of the two dimensions: the level of the estimate of γ or the cross-sectional R 2 . On the other hand, it is also clear that the results we report for international assets are not as favorable to the long-run risk story as the results from the studies using U.S. data are. The studies using U.S. data generally include a constant in the empirical moment function, but report both lower estimates of γ and higher cross-sectional R 2 s when S is high. 15 What could be the reason for the fact that our results are not so clear-cut?
The major reason why Parker (2001 Parker ( , 2003 , PJ (2003 PJ ( , 2005 , and MMVJ (2008) report that long-run consumption risk plays a role in the pricing of assets cross-sectionally is that the correlation between asset returns and consumption growth increases with S and it increases in the right way for the right assets. 16 In the same vein, one reason why we do not find such a robust role for long-run risk could be that our covariances between returns and consumption growth rates do not increase in a systematic way with S.
One way to visualize this is provided in Figure 3 . In part (a) this figure shows the covariances between one-period excess returns from the different stock markets and con- In part (c), we "zoom in" on the U.S. value/growth portfolios. We visualize here why it is easier to capture the cross-sectional differences in the returns on the U.S. value/growth portfolios when using long-run consumption risk as a risk factor; in the next section, we formally estimate the model using U.S. value and growth portfolios only. 15 In their Table IV , Panel A, MMVJ report results from estimations where the constant is restricted to zero. They do not provide the cross-sectional R 2 , though.
16 For instance, Parker & Julliard (2005) , page 202, write: "Because the contemporaneous covariance between returns and consumption growth is so small, a small amount of predictability, in the right pattern across assets, leads to a large increase in the relationship between consumption risk and expected returns with S."
17 The Japanese case illustrates why the model has a hard time when confronted with international data.
As Table 1 showed it is the Japanese stock market that has yielded the lowest average return over the sample period. In other words, the country with the highest consumption risk is the country with the lowest return -the opposite of what should be expected.
We can also provide more formal statistical evidence that the covariances between returns and consumption growth do not change in a strong way when increasing the horizon over which consumption growth is measured. In order to do so, Table 4 presents results from regressions of the form:
in the columns on the left-hand-side (I.A, II.A, III.A, and IV.A) and from:
in I.B, II.B, III.B, and IV.B. The difference between the two regressions is that the contemporaneous consumption growth rate is not included in the sum of discounted growth rates in Eq. (7). 18 The explanatory variables we use are the first two principal components from the set of excess returns. 19 Results based on more than the first two principal components show patterns similar to those reported in Table 4 .
Consider the left-hand side of Table 4 The results in Table 4 shed light on why the results for our international dataset differ along some dimensions from the results reported for the U.S. For the U.S., Parker & Julliard (2005) and MMVJ (2008) report that correlations between returns and consumption growth increase when S is higher. In addition, they show that this increase in correlations is related to the cross-sectional variation in returns. For this reason, they find that cross-sectional R 2 s increase, and estimates of the risk-aversion parameter fall, the higher S is. We show that even if consumption growth is not completely unpredictable (there are some significant coefficients in Table 4 ), the degree of predictability does not increase with S for S > 2, with the possible exception of the international stock market portfolios.
Given that there are no clear increases in the correlations, it is not surprising that we find no clear and consistent pattern in the estimates of the risk-aversion coefficient.
Robustness
In this section, we evaluate whether the results presented above are robust along different dimensions.
U.S. data. We use a world-consumption series as our measure of the consumption risk factor. In order to evaluate whether our results differ in some dimensions from those reported in PJ and MMVJ since we use another (non-U.S.) consumption series, we estimate models using U.S. consumption (of nondurables and services) and compare them with the results we get when we use the world consumption series. In order to make the comparison between the results most clear, we use a standard set of U.S. test assets: the 25 Fama & French portfolios. We show the results in Table 5 .
Starting from the bottom of the table (Panel D), we first show that when conducting the "standard" regression with U.S. consumption of nondurables and services as the consumption factor, the 25 Fama & French portfolios as test assets, and a constant included in the pricing equation, we find results comparable to those of Parker & Julliard (2005) and MMVJ (2008). We find an estimate of γ = 120.20 and a cross-sectional R 2 of 0.12 when S = 1 and an estimate of γ = 79.51 and a cross-sectional R 2 of 0.42 when S = 12.
i.e. a reduction of the estimate of γ with around 33% and a large increase in the crosssectional R 2 . 21 We also find that the results in Table 5 are not as dependent upon the 21 As a comparison, MMVJ find an estimate of γ = 97.01 and a cross-sectional R 2 of 0.18 when S = 1
and an estimate of γ = 51.85 and a cross-sectional R 2 of 0.64 when S = 12 (Table II, Panel D, NIPA data), i.e. a reduction of the estimate of γ by 47%. In other words, the patterns and magnitudes that we inclusion of a constant in the pricing equation, as the results for the international data are.
For instance, we find high and positive cross-sectional R 2 s in Panel C (where there is no constant) using long-horizon consumption growth, i.e. when S = 8, 12, and 20, whereas we generally find negative R 2 s in Table 2 that showed results for the international data. We show the results of these tests in Table 6 . Qualitatively, we find the same results as those reported above when we use the MMVJ approach: The estimates of the riskaversion parameter decline in value the higher is S, when there is no constant in the empirical moment function, but the R 2 s do not increase. On the other hand, when there is a constant in the empirical moment function, there is no clear pattern in the estimates of the risk-aversion coefficients, but the R 2 s generally increase with S.
One small notable difference to the previous results, though, is that the estimates of the risk-aversion parameter are more precise in Table 6 when there is no constant in the empirical moment function (the γs are all significantly different from zero, with the exception of the estimates based upon the FX portfolios), whereas this was less so in Table   2 .
Excluding Japan. As mentioned above, the Japanese stock market has performed the worst in our sample of stock markets. At the same time, the covariances of the find are similar to those of MMVJ (the differences that do exist between our results and theirs are most likely due to the longer sample period used in MMVJ).
Japanese stock market with long-run risk increases the most with S. Thus, one may ask the question whether the results we report are in connection with the Japanese stock market behaving in a "strange"way. In Table 7 , we verify that this is not the case. Indeed, in Table 7 we show results from estimations where we have excluded Japan. 22 The overall conclusions hardly change -even when the results for the international bond portfolios appear somewhat more "agreeable" (in the sense that the estimates of γ are considerably lower for S > 2, and the R 2 s are relatively high).
Estimating since the late-1980s. Bekaert, Harvey, Lundblad & Siegel (2008) find that ever since the late-1980s, international developed equity markets are not more segmented than U.S. equity markets have been since the late 1980s. For this reason, we estimate our model for this more recent sub-period. The results are available in an appendix on our websites. We find that when we exclude the constant from the moment function, the estimates of γ are more reasonable when S is high. We also find that the cross-country R 2 s are low or negative. On the other hand, when there is a constant in the moment function, the estimates of γ are imprecise, while the R 2 s are reasonably high. All in all, we find the same kind of results when estimating the models over the last two decades as we do when estimating them over the full sample period.
Conclusion
Results in the literature based upon U.S. data show that incorporating long-run risk generally brings down estimates of the risk-aversion parameter to more reasonable levels.
In addition, long-run risk often implies that the cross-sectional fit increases when using U.S. data.
We have estimated long-run consumption based asset pricing models using international tests assets. We have found that long-run risk generally either reduces estimates of risk-aversion coefficients or increases the cross-country fit, but not both. When the constant is not included -as it should be the case from a theoretical perspective -the estimate of the risk-aversion coefficient is lower when the number of periods of future consumption growth that is included in the stochastic discount factor is increased. This corresponds to 22 We did not form new FX portfolios excluding Japan. For this reason, there is no Panel D in Table 7. the results based upon U.S. data, however, unlike the U.S. results the explanatory power for the cross-sectional dispersion of returns is not improved. On the other hand, when a constant is included in the empirical moment function, the cross-sectional dispersion in returns is captured better when taking into account long-run risk. The estimate of the risk-aversion coefficient is not improved, though.
We conclude that the LLR-CAPMs that have been estimated on U.S. data work along some, but not all, dimensions when confronted with international data. This raises the question of how the models can be improved in order for them to perform just as well as the models developed for the U.S. equity market. Possible extensions that could help reach this goal could be estimations of models that allow for an elasticity of intertemporal substitution that is different from one. One could also consider allowing for time-variation in the volatility of consumption growth, as in the original Bansal & Yaron (2004) paper.
Finally, one could include instruments in the GMM estimation. All these extensions would make the model more flexible and thus more likely to fit returns better. We leave these exciting extensions to future research.
Appendix A: Theoretical derivations
This is a self-contained appendix providing details on the asset pricing moment conditions in the long-run consumption risk framework of MMVJ (2008) and their empirical implementation in this paper. The theoretical setup of MMVJ (2008) is based on a recursive specification of utility following Epstein & Zin (1989) as given by Equation (1) (1), the stochastic discount factor (SDF) is given by
As Eq. (8) given by Equation (2) can be re-expressed as a MA(∞)-process for consumption growth
where λ(L) denotes a Lag-polynomial. HHL (2008) In the ρ = 1 case, the log-SDF can be conveniently approximated (also see Cochrane 2007, Appendix) and tractable expressions for the stochastic discount factor can be obtained. As shown by MMVJ (2008) , the assumption of ρ = 1 together with the assumed consumption 23 MMVJ provide several arguments as to why other values of the EIS do not have a large impact on cross-sectional asset pricing tests. This is also confirmed in their empirical tests.
dynamics yields the following expression for the (log) SDF m t+1 :
The basic asset pricing equation for a risky asset i is characterized by the moment condition E t (M t+1 R i t+1 ) = 1. Given the expressions for the (log) SDF m t+1 in (10) and assuming lognormality of the consumption growth and returns, the log-linearized Euler equation for the excess return on asset i takes the following form:
Empirical Implementation The empirical asset pricing tests in this paper are based on unconditional versions of the moment conditions defined through Eq. (11). Our implementation of the long-run risk framework closely follows MMVJ in that we estimate the model with the unconditional covariance term (i.e. the first term) in Eq. (11), whereas the covariance of the conditional expectation of the present value of consumption growth and conditionally expected returns is neglected. 24 The discount factor β is set to 5% at the annual level which implies 0.95 0.25 for the quarterly data.
Appendix B: Data
This appendix describes the data series we use and their sources.
24 Similar to MMVJ, our international asset return data do not span a very long-term time period compared to long-term US data. Thus, alternative approaches obtaining a measure of conditional expectations through a VAR may induce a substantial amount of measurement error.
CONSUMPTION: G-7 consumption data (total private consumption) are taken from the IMF/IFS database (accessed via Datastream) and deflated by the respective Consumer Price Index CPI (also taken from the IMF/IFS). The country's consumption series are converted into U.S. dollars and expressed in per capita terms by dividing them by population figures (IMF/IFS). In order to construct our measure of world consumption growth, the individual country consumption growth rates are aggregated with weights determined by the respective country's share in aggregate (G-7) real GDP. In Table 5 , we also make use of U.S. consumption growth of non-durables and services (real, per capita).
These data are taken from the NIPA tables by the Bureau of Economic Analysis (BEA). For each country, we use four bond maturity groups: 1-3, 3-5, 5-7, and 7-10 years. The bond returns are expressed in U.S. Dollars; to obtain excess returns, the U.S. 3-month The log excess return of investing in foreign currency is simply given by:
INT. EQUITY INDEX RETURNS:
so that the log spot rate change is adjusted for differences in interest rates paid at home (i) and earned abroad (i * ). Since covered interest parity holds (see e.g. Akram et al. 2008 ), the forward discount f − s has to satisfy
and sorting on forward discounts is equivalent to sorting on interest rate differentials.
Inserting the last into the former equation finally results in
Log currency excess return rx j,t+1 for portfolio j by taking the average of the log currency excess returns in each portfolio j. Notes: The table reports descriptive statistics for the returns of the test assets. Panel A reports results for the excess returns of international G7 equity indices (Canada, France, Germany, Italy, Japan, UK and US). Panel B includes descriptives for international value/growth indices (France, Germany, Italy, Japan, UK) and six US size and book-to-market portfolios. Means (MEAN), standard deviations (STD), Sharpe ratios (SR), the minimim (Min), the maximum (Max) are expressed in annual terms (in %). SKW denotes Skewness, KURT excess kurtosis. Co-skewness (COSK) is computed according to Harvey & Siddique (2000) . AC1 denotes the autocorrelation correlation coefficient of first order. = 1, 2, 4, 8, 12, 16, 20 . The estimation draws on the moment conditions implied by a cross-sectional regression of the average excess portfolio return (plus one half of the variance of the excess return) on the covariance of the log portfolio excess return with long-run discounted consumption growth. The estimation is performed using GMM with a prespecified weighting matrix. The constant is NOT included in the cross-sectional regression. The reported estimation results include an intercept α, the coefficient of relative risk aversion γ (t-statistic based on the adjustment by Newey & West (1987) with S + 1 lags in parentheses), the cross-sectional R 2 and the HJ-distance (simulation-based p-value in parentheses). The set of international test assets includes G7 aggregate stock market indices (Panel A), equity portfolios sorted by book-to-market (Panel B), international bond portfolios (Panel C) and FX portfolios (Panel D). All returns are expressed in US Dollars. = 1, 2, 4, 8, 12, 16, 20 . The estimation draws on the moment conditions implied by a cross-sectional regression of the average excess portfolio return plus one half of the variance of the excess return on the covariance of the log portfolio excess return with long-run discounted consumption growth. The estimation is performed using GMM with a prespecified weighting matrix. The constant is included in the cross-sectional regression. The reported estimation results include the coefficient of relative risk aversion γ (t-statistic based on the adjustment by Newey & West (1987) with S + 1 lags in parentheses), the cross-sectional R 2 and the HJ-distance (simulation-based p-value in parentheses). The set of international test assets includes aggregate stock market indices ( . Estimation results are presented using discounted long-run world consumption growth over horizons S = 1, 2, 4, 8, 12. Panel A presents results of a regression of discounted consumption growth P S−1 s=0 β s ∆c t+1+s on the first two principal components of the portfolio returns R e t+1 . Panel B presents results of the forecasting regression P S−1 s=0 β s ∆c t+2+s regressed on the first two principal components of the portfolio returns R e t+1 . Standard errors in Panel A/B are based on the adjustment by Newey & West (1987) with S + 1 lags. = 1, 2, 4, 8, 12, 16, 20 . The estimation draws on the moment conditions implied by a cross-sectional regression of the average excess portfolio return (plus one half of the variance of the excess return) on the covariance of the log portfolio excess return with long-run discounted consumption growth. The estimation is performed using GMM with a prespecified weighting matrix. The reported estimation results include an intercept α, the coefficient of relative risk aversion γ (t-statistic based on the adjustment by Newey & West (1987) with S + 1 lags in parentheses), the cross-sectional R 2 and the HJ-distance (simulation-based p-value in parentheses). 1, 2, 4, 8, 12, 16, 20 . The estimation is performed using GMM with a prespecified weighting matrix. The reported estimation results include an intercept α, the coefficient of relative risk aversion γ (t-statistic based on the adjustment by Newey & West (1987) with S + 1 lags in parentheses), the cross-sectional R 2 and the HJ-distance (simulation-based p-value in parentheses). The set of international test assets includes G7 aggregate stock market indices (Panel A), equity portfolios sorted by book-to-market (Panel B), international bond portfolios (Panel C) and FX portfolios (Panel D). All returns are expressed in US Dollars. Estimation results are presented using discounted long-run world consumption growth over horizons S = 1, 2, 4, 8, 12, 16, 20 . The estimation draws on the moment conditions implied by a cross-sectional regression of the average excess portfolio return (plus one half of the variance of the excess return) on the covariance of the log portfolio excess return with long-run discounted consumption growth. The estimation is performed using GMM with a prespecified weighting matrix. The reported estimation results include an intercept α, the coefficient of relative risk aversion γ (t-statistic based on the adjustment by Newey & West (1987) with S + 1 lags in parentheses), the cross-sectional R 2 and the HJ-distance (simulation-based p-value in parentheses). 
(f) US, Bond Portfolios
Notes: The figure shows barplots of covariances of portfolio excess returns with discounted consumption growth for different asset returns and different consumption growth horizons S = 1, 2, 4, 8, 12, 16, 20. Subfigures (a) and (b) present plots for international aggregate stock market portfolios and international value/growth portfolios. Subfigures (c) and (d) present covariance plots for the entire set of international bond portfolios (with 7-10 years of maturity) and for 5 FX portfolios sorted by forward-discounts. Covariance plots for U.S. size and book-to-market sorted portfolios and bond portfolios (all maturities) are shown in subfigures (e) and (f).
